Non-coding RNAs play an important role in the pathogenesis of chronic obstructive pulmonary disease (COPD). This study was performed to investigate the role of PVT1 and miR-146a single nucleotide polymorphisms (SNPs) in the lung function of COPD smokers. Real-time PCR and Western blot analyses were performed to measure the expression of miR-146 and PVT1 SNPs and determine the effect of these SNPs on the pathogenesis of COPD.
Introduction
Smoking-induced chronic obstructive pulmonary disease (COPD) is one of the highly preventable chronic diseases in the United States [1] . However, COPD is the third leading cause of mortality worldwide and can also lead to poor prognosis in many other diseases [2, 3] . Cigarette smoke contains a complex mixture of chemicals, such as reactive oxygen species (ROS) and carcinogens. Thus, this smoke can induce airway inflammation by activating relevant signaling pathways regulated by various systemic and pulmonary inflammatory factors, such as TNF-α and COX-2. COX2 is a protective gene activated by different stimuli and was shown to be upregulated in COPD patients [4] . In vivo, COX2 is responsible for PGE2 synthesis, and, compared with normal controls, the fibroblasts collected from COPD patients tended to synthesize more PGE2 [5] .
Although nearly 70% of the entire human genome is transcribed, less than 2% of the genome can encode proteins. Non-coding RNAs (ncRNAs) can be Ivyspring International Publisher categorized into short (≤200 base pairs) or long (lncRNA; >200 base pairs) ncRNAs. The entire human genome encodes approximately 10,000 lncRNA genes [6] . MicroRNAs belong to a class of small but important ncRNAs that are ∼22 nucleotides in length (in mammals) and are derived from hairpin precursors [7] . MiRNAs can guide the binding of RNA-induced silencing complex to the miRNA response elements on their target transcripts and subsequently mediate post-transcriptionally gene expression by translation inhibition or transcript degradation [7] . The genetic variations in the non-coding and coding regions of a gene sequence may affect the degradation, localization, translation, and splicing of its transcripts. These processes ultimately lead to the onset of diseases [8] . In many types of diseases, the disproportionately large number of single nucleotide polymorphisms (SNPs) mapped to the non-coding regions of the genome confirms the role of post-transcriptional gene regulation in the pathogenesis of diseases [9] . For example, SNP rs2910164 in the precursor of miR-146a is involved in different malignancies, such as ovarian cancer, breast cancer, hepatocellular cancer, papillary thyroid cancer, gastric cancer, prostate cancer, and esophageal squamous cell cancer [10] . Jazdewski et al.
showed that, by affecting the processing and maturation of pre-miRNAs, the C allele of rs2910164 can reduce the level of mature miR-146a and magnitude of inhibition on its target genes, such as IL-1 receptor-associated kinase 1 and tumor necrosis receptor-associated factor 6. Furthermore, the GG genotype of SNP rs13281615 in PVT1 is associated with downregulated PVT1 expression and an increased risk of breast cancer [11] .
In our previous study, we investigated the effect of SNP rs2910164 on the expression of its host, miR-146a, and its target, COX2 [12] . PVT1 could regulate the miR-146a expression by inducing its methylation. In this study, we studied the combined effect of rs13281615 and rs2910164 on the expression of miR-146a and COX2 and evaluated their role in the lung function of COPD smokers.
Results

Patient characteristics
A total of 100 COPD smokers were enrolled in this study. Patient information, including age, sex, body height, body weight, smoking history, stage of the Global Initiative for Chronic Obstructive Lung Disease (GOLD), forced vital capacity (FVC), forced expiratory volume (FEV), and diffusion capacity for carbon monoxide (DLCO), was collected and listed in Table 1 . All subjects were assigned to one of the four groups according to their genotypes of PVT1 Rs13281615 and miR-146a Rs2910164, namely, Rs2910164CC/GC + Rs13281615GG (n=35), Rs291016 4CC/GC + Rs13281615GA/AA (n=23), Rs2910164GG + Rs13281615GG (n=25), and Rs2910164GG + Rs13281615GA/AA (n=17). Student t-tests were performed for statistical evaluation. No obvious differences in terms of age, sex, body height, weight, and smoking history were found among the different groups. However, the highest GOLD stage and FVC, FEV, and DLCO values were observed in the Rs2910164GG + Rs13281615GA/AA group, while the lowest values of these parameters were observed in the Rs2910164CC/GC + Rs13281615GG group. All genotype frequencies were in accordance with the Hardy-Weinberg equilibrium. MiR-146a and COX2 were differentially expressed among the four different groups. A. The highest and lowest miR-146a levels were found in the Rs2910164CC/GC + Rs13281615GG and Rs2910164GG + Rs13281615GA/AA groups, respectively. In addition, miR-146a expression was markedly higher in the Rs2910164CC/GC + Rs13281615GA/AA group than in the Rs2910164GG + Rs13281615GG group. B. The highest and lowest COX2 mRNA levels were observed in the Rs2910164GG + Rs13281615GA/AA and Rs2910164CC/GC + Rs13281615GG groups, respectively. In addition, COX2 mRNA level was considerably higher in the Rs2910164GG + Rs13281615GG group than in the Rs2910164CC/GC + Rs13281615GA/AA group. C. The highest and lowest COX2 protein levels were observed in the Rs2910164GG + Rs13281615GA/AA and Rs2910164CC/GC + Rs13281615GG groups, respectively. In addition, COX2 protein level was markedly higher in the Rs2910164GG + Rs13281615GG group than in the Rs2910164CC/GC + Rs13281615GA/AA group. D. The highest and lowest COX2 protein levels were observed in the Rs2910164GG + rs13281615GA/AA and Rs2910164CC/GC + Rs13281615GG groups, respectively. In addition, the COX2 protein level was markedly higher in the Rs2910164GG + Rs13281615GG group than in the Rs2910164CC/GC + Rs13281615GA/AA group.
Expression of miR-146a and COX2 differed among the four groups
Lung tissue samples were collected from the 100 subjects, and the samples were analyzed by real-time PCR and Western blot to measure the expression of miR-146a and COX2 in the four patient groups. The highest and lowest levels of miR-146a were found in the Rs2910164CC/GC + Rs13281615GG and Rs2910164GG + Rs13281615GA/AA groups, respectively (Fig. 1A) . In addition, the highest and lowest mRNA (Fig. 1B) and protein ( Fig. 1C ) levels of COX2 were observed in the Rs2910164GG + Rs13281615GA/AA and Rs2910164CC/GC + Rs13281615GG groups, respectively.
MiR-146a directly targeted PVT1 and COX2
The results from the computational analyses showed a putative binding site for miR-146a in PVT1 and 3′-UTR of COX2. In the luciferase assay of fibroblasts (Figs. 2A and 2C) and pulmonary artery smooth muscle cells (PASMCs) (Figs. 2B and 2D), miR-146a substantially reduced the luciferase activity of wild-type PVT1 and COX2 3′-UTR but showed no effect on the luciferase activity of mutant PVT1 and mutant COX2 3′-UTR. This result suggested that miR-146a directly targeted and repressed the expression of PVT1 and COX2.
COX2 was differently expressed among the four groups of patients
Immunohistochemical (IHC) results (Fig. 3) showed that the highest and lowest levels of COX2 were in the Rs2910164GG + Rs13281615GA/AA and Rs2910164CC/GC + Rs13281615GG groups, respectively.
Effect of PVT1 siRNA and miR-146a precursor on the level of miR-146a and COX2 in the fibroblasts and PASMCs
Real-time PCR and Western blot analyses were performed to measure the levels of miR-146a and COX2 in the fibroblasts and PASMCs transfected with PVT1 siRNA, miR-146a precursor, pcDNA 3.1-PVT1, or anti-miR-146a. The transfection of PVT1 siRNA and miR-146a precursor significantly enhanced miR-146a expression, although the effect of miR-146a precursor was considerably stronger than that of PVT1 siRNA (Figs. 4A and 5A). In addition, the transfection of PVT1 siRNA and miR-146a precursor significantly downregulated the expression of COX2 mRNA (Figs. 4B and 5B) and proteins (Figs. 4C, 4D, 5C, and 5D), although the effect of the miR-146a precursor was remarkably stronger than that of PVT1 siRNA. PVT1 directly targeted miR-146a, while COX2 was a virtual target gene of miR-146a. A. MiR-146a inhibited the luciferase activity of wild-type PVT1 but did not affect the luciferase activity of mutant PVT1 in the fibroblasts. B. MiR-146a inhibited the luciferase activity of wild-type PVT1 but did not affect the luciferase activity of mutant PVT1 in the PASMCs. C. MiR-146a inhibited the luciferase activity of wild-type COX2 3′-UTR but did not affect the luciferase activity of the mutant COX2 3′-UTR in the fibroblasts. D. MiR-146a inhibited the luciferase activity of the wild-type COX2 3′-UTR but did not affect the luciferase activity of the mutant COX2 3′-UTRin the PASMCs.
Effect of pcDNA-PVT1 and anti-miR-146a on the levels of miR-146a and COX2 in the fibroblasts and PASMCs
The transfection of pcDNA 3.1-PVT1 and anti-miR-146a in the fibroblasts (Fig. 5A) and PASMCs (Fig. 6A ) significantly inhibited miR-146a expression, although the effect of anti-miR-146a was considerably stronger than that of pcDNA 3.1-PVT1 (Figs. 6 and 7) . In addition, the expression of COX2 mRNA (Figs. 6B and 7B) and proteins (Figs. 6C, 6D , 7C, and 7D) in the fibroblasts (Fig. 6) and PASMCs ( Fig. 7) was apparently upregulated by the transfection of pcDNA 3.1-PVT1 and anti-miR-146a, although the effect of anti-miR-146a was markedly stronger.
Discussion
The important role of lncRNAs in COPD [13] has been demonstrated by the altered expression of PVT1, LINC00883, and LINC00882 in the lung tissues of COPD patients [14] . In addition, Sato et al. showed that the tumor necrosis factor (TNF)-α and interleukin (IL)-1β, which are the two potent activators of the NF-кB signaling pathway, upregulated the miR-146a expression in the fibroblasts of the COPD patients, but to a lesser extent compared with that in the fibroblasts from the control subjects [15] . Similarly, miR-146a was downregulated in the sputum of COPD patients and smokers [16] but with higher downregulation in smokers [17] . Furthermore, PVT1 downregulates the miR-146a expression by inducing the methylation in the promoter of miR-146a [18] . Prostate cancer cells transfected with pcDNA3-PVT1 showed significantly downregulated miR-146a expression, because PVT1 acted as an antagonist of miR-146a [18] . In our previous and current studies, we showed that COX2 was a direct target of miR-146a, whereas lncRNAPVT1 was an upstream regulator of miR-146a. COX2 is a cyclooxygenase isoenzyme and helps catalyze the synthesis of thromboxane and prostaglandins. In addition to its constitutive expression in the brain and kidneys, COX2 primarily acts as an inducible enzyme activated in a number of different cells upon stimulation by mitogens, cytokines, and endotoxins [19] . COX2 primarily helps in the conversion of prostaglandin-E2 (PGE2) from arachidonic acid (AA). Figure 4 . Effect of PVT1 siRNA and miR-146a precursor on the level of miR-146a and COX2 in the fibroblasts. A. The PVT1 siRNA and miR-146a precursor significantly upregulated the miR-146a expression, but the effect of miR-146a precursor was markedly stronger than that of PVT1 siRNA. B. The PVT1 siRNA and miR-146a precursor significantly downregulated the expression of COX2 mRNA, but the effect of miR-146a precursor was markedly stronger than that of PVT1 siRNA. C. The PVT1 siRNA and miR-146a precursor significantly downregulated the expression of COX2 protein, but the effect of miR-146a precursor was markedly stronger than that of PVT1 siRNA. D. PVT1 siRNA and miR-146a precursor significantly downregulated the expression of COX2 protein, but the effect of miR-146a precursor was markedly stronger than that of PVT1 siRNA. Figure 5 . Effect of PVT1 siRNA and miR-146a precursor on the miR-146a and COX2 levels in the PASMCs. A. The PVT1 siRNA and miR-146a precursor significantly upregulated miR-146a expression, but the effect of miR-146a precursor was markedly stronger than that of PVT1 siRNA. B. The PVT1 siRNA and miR-146a precursor significantly downregulated the expression of COX2 mRNA, but the effect of miR-146a precursor was markedly stronger than that of PVT1 siRNA. C. The PVT1 siRNA and miR-146a precursor significantly downregulated the expression of COX2 protein, but the effect of miR-146a precursor was markedly stronger than that of PVT1 siRNA. D. The PVT1 siRNA and miR-146a precursor significantly downregulated the expression of COX2 protein, but the effect of miR-146a precursor was markedly stronger than that of PVT1 siRNA. Figure 6 . Effect of pcDNA-PVT1 and anti-miR-146a on the levels of miR-146a and COX2 in the fibroblasts. A. The pcDNA-PVT1 and anti-miR-146a significantly downregulated miR-146a expression, but the effect of anti-miR-146a was markedly stronger than that of pcDNA-PVT1. B. The pcDNA-PVT1 and anti-miR-146a significantly downregulated the expression of COX2 mRNA, but the effect of anti-miR-146a was markedly stronger than that of pcDNA-PVT1. C. The pcDNA-PVT1 and anti-miR-146a significantly downregulated the expression of COX2 protein, but the effect of anti-miR-146a was markedly stronger than that of pcDNA-PVT1. D. The pcDNA-PVT1 and anti-miR-146a significantly downregulated the expression of COX2 protein, but the effect of anti-miR-146a was markedly stronger than that of pcDNA-PVT1. Effect of pcDNA-PVT1 and anti-miR-146a on the levels of miR-146a and COX2 in the PASMCs. A. The pcDNA-PVT1 and anti-miR-146a significantly downregulated miR-146a expression, but the effect of anti-miR-146a was markedly stronger than that of pcDNA-PVT1. B. The pcDNA-PVT1 and anti-miR-146a significantly downregulated the expression of COX2 mRNA, but the effect of anti-miR-146a was markedly stronger than that of pcDNA-PVT1. C. The pcDNA-PVT1 and anti-miR-146a significantly downregulated the expression of COX2 protein, but the effect of anti-miR-146a was markedly stronger than that of pcDNA-PVT1. D. The pcDNA-PVT1 and anti-miR-146a significantly downregulated the expression of COX2 protein, but the effect of anti-miR-146a was markedly stronger than that of pcDNA-PVT1.
Thus, PGE2 level often indicates the local activity of cyclooxygenase [20] . PGE2 is a pro-inflammatory factor synthesized by stromal cells, cancer cells, and infiltrating myeloid cells, and this molecule can bind to G-protein-coupled receptors. COX2 is a key factor controlling the synthesis of PGE2 during an immune response. Lovgren et al. demonstrated that, when responding to environmental stimuli, COX2−/− mice showed increased fibrosis and severely hindered pulmonary functions [21] . The beneficial function of PGE2 in the lungs has also been confirmed by the results from other experimental models of inflammation and pulmonary fibrosis. For example, PGE2 inhibits the growth of fibroblasts and the synthesis of collagen in the airway epithelium. In addition, PGE2 can also inhibit the transition from the fibroblast to the myofibroblast upon TGF−/− induction [22] . Furthermore, PGE2 suppresses the activation of NF-κB in LPS-induced monocytes. This process decreases the production of TNF-α while promoting the synthesis of IL-10, which is an anti-inflammatory cytokine [23] . Several studies have consistently shown that PGE2 participates in the regulation of lymphocyte differentiation and trafficking [24] . In this context, Sato et al. demonstrated that miRNA-146a expression was downregulated in the fibroblasts of COPD smokers, and this phenomenon led to upregulated COX2 and PGE2 in these patients [15] . Another report confirmed that miR-146a expression was inhibited by the activated inflammatory signaling in smokers [25] .
SNP rs13281615 is located in the PVT1 gene on chromosome 8q24. The GG genotype of rs13281615 has been linked to an increased risk of breast cancer. Several SNPs on 8q24 have been identified as risk alleles and demonstrated to participate in the altered expression of PVT1 or MYC in human cancers [26] . The GG genotype of SNP rs13281615 may play similar roles in breast cancer by affecting the PVT1 expression [26] . Rs2910164 is a C/G polymorphism in the precursor stem region of the pre-miR146a on chromosome 5q33. [27] Jazdzewski et al. first showed that rs2910164 could regulate the miR-146a expression and was associated with the genetic predisposition to PTC [27] . In addition, the minor allele of rs2910164 polymorphism decreased the miR-146a level but increased the COX2 level and its catalytic product PGE2. This phenomenon improved lung functions and alleviated the severity of COPD [12] . Hence, rs2910164 polymorphism may become a new marker for COPD prognosis, whereas miR-146a may become a novel therapeutic target for COPD treatment [12] . In our previous study, we showed that rs2910164 polymorphism could affect COX2 expression by regulating the miR-146a expression. Given that PVT1 is a regulator of COX2 and rs13281615 can affect the PVT1 expression, we speculated that COX2 expression may be affected by a synergistic effect of the two polymorphisms. In this study, a total of 100 COPD smokers were enrolled and genotyped for rs2910164 and rs13281615. The results showed that highest and lowest GOLD stage and FVC, FEV, and DLCO values were observed in the Rs2910164GG + Rs13281615GA/AA and Rs2910164CC/GC + Rs13281615GG groups, respectively. This study has several limitations. First, the sample size was relatively small, and a study with big sample size is needed to validate the conclusions from this study. Second, only two polymorphisms were included in this study, and further comprehensive study with more variants is also warranted.
In summary, we demonstrated that rs2910164 and rs13281615 in PVT1 and miR-146a, respectively, exerted a combined effect on the lung function of COPD smokers. We found that the rs13281615 polymorphism in PVT1 affected PVT1 expression, while the minor allele of rs2910164 downregulated miR-146a expression. Both SNPs upregulated COX2 expression, which plays an important role in the lung function and severity of COPD.
Materials and methods
Sample collection
This study was approved by the Ethical Committee of Anhui Medical University and conducted according to the Declaration of Helsinki. A total of 100 COPD smokers were enrolled in this study, and 66 lung tumor samples were obtained from the subjects after surgery. The COPD stage of the patients was determined according to the following criteria in GOLD: FEV1 in 1 s ＜30%, GOLD4 and "very severe"; 30% ≤FEV1 ＜ 50%, GOLD3 and "severe"; 50%≤FEV1＜80%, GOLD2 and "moderate"; and FEV1>80%, GOLD1 and "mild". Peripheral blood samples were also collected from all participants. Participants or their first-degree relatives signed informed consents before the start of the study.
Genotyping by sequencing
The experiments were performed as previously described [28] . The genomic DNA from the tissue samples was isolated using a DNA extraction kit (Shunhua Bioengineering Co. Ltd., China) and subsequently amplified using PCR. In the next step, an ExoSAP-IT purification kit (USB, London, UK) was utilized to purify the PCR products before the sequencing of two SNPs (i.e., rs2910164 and rs13281615).
RNA isolation and real-time PCR
The experiments were performed as previously described [29, 30] . An RNeasy Mini kit (Qiagen, Germany) was utilized to extract the total RNA from the fibroblasts, PASMCs, and tissue samples. The absorbance of the extracted RNA was measured on a spectrophotometer (Thermo Scientific, Waltham, MA, US), and its value was used to determine the RNA quality. Subsequently, the RNA samples were treated with DNase I (Thermo Fisher Scientific, Waltham, MA, US) and converted to cDNA using M-MLV Reverse Transcriptase (Thermo Fisher Scientific, Waltham, MA, US). The mRNA levels of PVT1, miR-146, and COX2 in the samples were quantified on an AB7500 Real-Time PCR System (Thermo Fisher Scientific, Waltham, MA, US) using TaqMan Gene Expression Assays (Thermo Fisher Scientific, Waltham, MA, US). The RT-qPCR reaction was conducted under the following conditions: 95 °C for 10 min, followed by 45 two-step cycles of 95 °C for 15 s and 60 °C for 1 min. The products of RT-qPCR were analyzed on a 2% agarose gel, and their nucleotide sequences were confirmed by Sanger sequencing on an ABI Prism 3100 Genetic Analyzer (Thermo Fisher Scientific, Waltham, MA, US). The relative expression of PVT1, miR-146, and COX2 was computed using the ΔΔCT method and the Relative Quantitation (RQ) software (Thermo Fisher Scientific, Waltham, MA, US). All experiments were repeated thrice.
Vector construction and mutagenesis
The 3′-UTR segment of the PVT1 gene was amplified by PCR, followed by the insertion of the PCR product into a pcDNA3.1 (+) (Invitrogen, CA, USA) vector immediately upstream of the firefly luciferase reporter gene. This construct was named pcDNA3.1 (+)-COX2-3′UTR. Subsequently, the Site-Directed Mutagenesis Kit (SBS Genetech, Beijing, China) was utilized to mutate the 3′-UTR of PVT1, and the mutant was then inserted into the same location of another pcDNA3.1 (+) vector. This mutant construct was named pcDNA3.1(+)-mut-PVT1-3′UTR. Similarly, the 3′-UTR of the wild-type COX2 was amplified using PCR, and the PCR product was inserted into a pcDNA3.1 (+) vector immediately downstream of the firefly luciferase reporter gene. This construct was named pcDNA3.1 (+)-COX2-3′UTR. Subsequently, the Site-Directed Mutagenesis Kit was utilized to mutate the miR-146a binding site in the 3′-UTR of COX2, and the mutant was then inserted into the same location of another pcDNA3.1 (+) vector. This mutant construct was named pcDNA3.1(+)-mut-COX2-3′UTR. In addition, the full sequence of PVT1 was amplified and inserted into a pcDNA3.1 (Invitrogen, CA, USA) vector to create pcDNA 3.1-PVT1. After these constructs were created, direct Sanger sequencing was performed to confirm the correctness of their sequences. All experiments were repeated thrice.
Cell culture and transfection
Human fibroblasts were harvested as described previously [31] , while PASMCs were obtained from ATCC. Both cells were cultured at 5% CO 2 and 37 °C in DMEM (Gibco, Thermo Fisher Scientific, Massachusetts, USA) supplemented with 10% fetal bovine serum, 100 U streptomycin, and 100 mg/mL penicillin. When the cells reached 80% confluence, they were seeded into 96-well plates and co-transfected with 40 ng of luciferase constructs (wild-type or mutant PVT1 3′-UTR or COX2 3′-UTR), 400 ng of miR-146a, a rellina luciferase control vector (Promega, Fitchburg, WI, USA), and 4 ng of pRL-TK. For the inhibition experiments, the cells were transfected with pcDNA3.1-PVT1, miR-146a precursor, PVT1 siRNA, or anti-miR-146a. All transfections were performed using Lipofectamine 2000 (Invitrogen, Carlsbad, CA, USA) and repeated thrice.
Luciferase assay
The experiments were performed as previously described [32] . The luciferase activity of transfected cells was measured on a TD-20/20 luminometer (Turner Biosystems, Sunnyvale, CA, USA) after 48 h of transfection. All experiments were repeated thrice.
Western blot analysis
The experiments were performed as previously described [33, 34] . Prior to the analysis, the cultured cells and tissue samples were washed thrice in ice-cold phosphate buffered saline (PBS) and then lysed in a RIPA buffer (Pierce, Waltham, MA, USA). Subsequently, the lysate was incubated on ice for 30 min to extract the total protein. A BCA kit (Thermo Fisher, Waltham, MA, USA) was utilized to measure the concentration of the extracted protein. Subsequently, 30 μg of the extracted protein were separated by 6% or 10% SDS-PAGE and transferred onto a PVDF membrane (Millipore, Billerica, MA). Then, the membrane was blocked at room temperature for 60 min in a TBS-Tween 20 (TBST) buffer supplemented with 5% bovine serum albumin and incubated at 4 °C overnight with primary anti-COX2 antibodies (1:6,000 dilution, Abcam, Cambridge, UK) or anti-β-actin antibodies (1:10,000 dilution, Cell Signaling Technology, Beverly, MA). After being washed thrice with TSBT, the membrane was incubated for 120 min at room temperature with horseradish peroxidase (HRP)-conjugated anti-mouse secondary antibodies (1:12,000 dilution, Santa Cruz Biotechnology Inc., California, US). Finally, ECL detection reagents (Millipore, Billerica, MA) were utilized to visualize the membrane and the intensity of protein bands was measured by a Syngene GeneGenius gel imaging system (Syngene, Frederick, MD, UK). All tests were repeated thrice.
Immunohistochemistry assay
The experiments were performed as previously described [35, 36] . All tissue sample sections were deparaffinized in xylene and rehydrated in gradient alcohol. Subsequently, the samples were incubated with 5% goat serum to eliminate the non-specific binding. In the next step, the sample sections were incubated at 4 °C overnight with mouse anti-COX2 primary antibodies (1:600 dilution, Abcam, Cambridge, UK), followed by 60 min of incubation at room temperature with mouse anti-HRP secondary antibodies (1:2000 dilution, Santa Cruz Biotechnology Inc., California, US). Finally, the sections were developed at room temperature for 5 min in PBS containing 3,3′-di-aminobenzidine (Boster Biological Technology, Ltd.). All IHC staining results were independently reviewed by two pathologists. All tests were repeated thrice.
Statistical analysis
All data were expressed as mean ± standard deviation. The significance of differences between two groups was examined using Student's t-tests, while the significance of differences among multiple groups was evaluated using ANOVA in conjunction with Bonferroni post hoc tests. A P value less than 0.05 was considered as statistically significant. Statistical analysis was performed using SPSS 15.0 (IBM Inc., Chicago, IL). The genotype frequency was evaluated for Hardy-Weinberg equilibrium.
